T IS DIFFICULT
to perform accurate fibrinogen assays on small samples of blood. A significant fraction of the plasma is lost when it is separated from the cells in 0.1-or 0.2-mi. samples of blood and the plasma is diluted to a variable, usually undetermined, extent by the addition of anticoagulant.
This can be minimized by using heparin dried in capillary tubes, but heparin interferes with subsequent clotting of the fibrinogen in the assay procedure.
One alternative is to dilute the blood sample with a relatively large, and hence easily measured volume of anticoagulant that is isotonic with red cells. In the procedure reported here the blood is drawn and mixed with 3 or 4 volumes of isotonic buffer, the packed cell volume is determined, and the diution of the plasma can then be calculated.
This procedure was developed to determine the plasma fibrinogen level in rats 5-6 times in 24 hours. Samples larger than 0.2 ml. resulted in significant hemodilution and artificial changes in fibrinogen level in response to sampling. Attempts to use small syringes or needles fitted with glass capillaries similar to those used by Natelson (1, 2) resulted in variable dilution of the plasma or in partial or complete coagulation of the blood.
METHODS AND MATERIALS

APPARATUS
Centrifuge
tubes with capillary bases were constructed for measuring the packed-cell volume. For 0.2-mi. samples of blood these tubes can be made from 3.5-cm. lengths of ordinary 1-mi. serological pipets fused to 3-cm. lengths of 8-mm. OD standard-wall glass tubing.
WYCOFF Clinical Chemistry
The far end of the capillary tubing is sealed to form a reasonably flat bottom inside. It is convenient to select the capillary tubing or pipets, so that there is no significant variation in diameter among the tubes.
REAGENTS
1. Isotonic buffer, Macllvaine's buffer (3) at pH 6.6 diluted in the proportion of 3 ml. of buffer to 1 ml. of water 2. Thrombin solution containing about 5 units of topical thrombin* per milliliter in Macllvaine's buffer at pH 6.3 (undiluted) . (This should be prepared fresh daily.)
PROCEDURE
Blood samples are drawn from the heart into a 1-mi. insulin or allergy syringe. The same syringe is used for all samples and it is calibrated by weighing to obtain the volumes necessary for the calculations.
The syringe is first rinsed with isotonic buffer, blood is drawn to the 0.2-ml. mark, and the syringe is then filled with isotonic buffer to the 0.6-mi. mark. The sample and buffer are thoroughly mixed in the syringe and transferred to the special centrifuge tube. This is corked and centrifuged at 2000 g for 30 minutes. The height of the coiumn of cells is measured to the nearest 0.1 mm. under magnification (x15) and compared with the height of 0.1 ml. of water in the same size capillary to obtain the volume of packed cells.
The dilution factor of the plasma may be calculated by the following equation: To assay for fibrinogen, 0.1-0.3 ml. of the diluted plasma is trailsferred to 15 X 85-mm. tubes and about 2 ml. of thrombin solution is added. After a few minutes the clot is collected on glass needles 0.3-0.5 mm. in diameter, which have been tared on a microchemical balance (4) - gram. The dilution factor for the plasma may then be used to convert this result to true plasma fibrinogen. The needles are cleaned in hot concentrated sulfuric acid and reused.
RESULTS
Fresh heparinized whole blood was collected from rats and pooled.
The hematocrit was established and samples were drawn from the stirred pool and mixed with Macllvaine 's buffer at pH 5.0-7.8 in the above-described proportions. The diluted plasma pH was found to coincide with that of the buffer at pH 6.6, and this buffer was then diluted in small increments to establish that the packed-cell volume was not changed when the buffer was diluted with water 3:1.
To check for the yield of fibrinogen (fibrin) using this procedure, fresh citrated rat plasma was pooled and sampled as before. Seven 0.2-mi. samples were drawn and assayed by the above procedure. Three undiluted 0.5-ml. samples were centrifuged and assayed directly.
The mean, calculated as milligram per 100 ml. of plasma, The coefficient of variation (standard deviation divided by the mean) is 0.15 for their data. The same values calculated from some of our earlier data (4) are ±9 and 0.11, respectively.
Using the present assay in three groups of 7-10 rats each, we found standard errors of 8, 15, and 12 and, respectively, coefficients of variation of 0.07, 0.15, and 0.13, and means of 296, 305, and 293 mg./100 ml. of plasma. The rats were adult females of the CFN strain.
The data in Table 1 show that 7 consecutive samples could be drawn from the same rats within 24 hours with only minor variations in hematocrit and plasma fibrinogen level.
DISCUSSION
The literature concerning the conversion of fibrinogen to fibrin was reviewed recently by Scheraga and Laskowski (6) . The character of the clot varies with pH and ionic strength of the solution (7, 8, 9) . A strong, coarse clot that adsorbs lesser amounts of extraneous protein is favored at low pH and iow ionic strength, at least with respect to bovine and human fibrinogen.
In the present experiments, a pH of 6.3 was chosen because the clot from rat plasma is stronger at this pH than at pH 7 or 8, and because the work on bovine and human fibrinogen cited above suggested this pH.
The usefulness of this sampling procedure is obviously limited to substances that do not diffuse in or out of the cells after the blood is diluted. We have used the dilution procedure to determine free and total cholesterol as well as fibrinogen, and it is probable that other lipids and proteins could be assayed in this manner.
The procedure should be checked experimentally before applying it to other substances.
Because of the relatively large volume of anticoagulant, the blood is quickly decaicified, and one never encounters partially coagulated samples.
Considering the trend toward micro-and ultrarnicroanalysis of biood, this sampling procedure may have wider application than here indicated because it provides plasma of known dilution with minimal waste of piasma.
SUMMARY
A procedure is presented for the assay of fibrinogen in small samples of blood. A 0.2-mi. sample of whole blood is mixed in the syringe with 0.3 ml. of isotonic citrate-phosphate buffer and centrifuged in special tubes in which the cell volume is measured. From these measurements the dilution of the supernatant plasma is calculated. The piasma is assayed for fibrinogen and this resuit is corrected for dilution.
Plasma fibrinogen values obtained in this way are comparable to those obtained with other methods that require larger samples of whole blood.
